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Abstract

In this work, the interfacing of a poly(ethylene glycol) (PEG)—phosphate aqueous two-phase system with hydrophobic interaction chro-
matography (HIC) for primary recovery of an intracellular protein was evaluated. As a model protein, a recombinant cutinase furnished
with a tryptophan—proline (WP) peptide tag was used and produced intracellul&tgierichia col(E. coli). E. coli cell homogenate was
partitioned in a two-phase system and the top phase yield, concentration and purity of the tagged ZZ-cutinasag\@R)uated as function
of polymer sizes, system pH and phase volume ratio. The partition behaviour of cell debris, total protein and endotoxin was also monitored.
In the HIC part, the chromatographic yield and purity was investigated with respect to ligand hydrophobicity, dilution of loaded top phase and
elution conditions. Based on the results, a recovery process was demonstrated where a PEG 1500-K—Na phosphate salt aqueous two-phas
system was interfaced with a HIC column. The interfacing was facilitated by the Trp-tagged peptide. The tagged ZZ-cutinases\alR)
tained in a PEG-free phase and purified to >95% purity according to silver stained sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS—PAGE) gels with a total yield of 83% during the two-step recovery process.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction An ATPS should not only have the ability to give a high
yield of target protein, remove cells, cell debris and nucleic
Aqueous two-phase systems have for a long time beenacids but should also be suitable for simple interfacing with
used as a preparative method in biochemiftty An aque- purification operations downstream. Different tools can be
ous two-phase system (ATPS) is formed when two incompat- used in making the purification process more efficient. The
ible polymers or a polymer and salt is mixed above a certain surface properties of a protein can be modified by genetic
concentration. Proteins can then be partitioned between theengineering through the addition of, e.g. different forms of
phases and purified to a good extent. An ATPS can handlepeptide tags. This has proven to be successful in earlier
insoluble matter and is also easy to scale[2p4]. Thus, work with aqueous two-phase systefss6]. By adding a
this technique is well suited for applying as a primary recov- tryptophan—proline (WP) tag to the target protein, the protein
ery step in a protein manufacturing process, especially whencan be efficiently extracted into the top phase in poly(ethylene
working with large volumes containing high concentrations glycol) (PEG)/salt and polymer/polymer systems. The addi-
of particulate matter such as cells and cell debris. tion of such hydrophobic tags has also been proven to be
efficient in hydrophobic interaction chromatography (HIC)
* Corresponding author. Tel.: +46 8 553 783 14; fax: +46 8 553 783 23. [/,8] Where the proteins can be eluted with different retention
E-mail addressandres.veide@biotech.kth.se (A. Veide). times. This is a more cost-efficient chromatographic method
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for protein purification since HIC is less expensive compared and 1 ml I of a trace element solution was added by sterile
to affinity chromatography based on ligands such as immo- filtration. The cells were cultivated and harvested under sim-
bilised metal affinity chromatography (IMAC), proteinAand jlar conditions described earlig2]. The cells were stored at
IgG [9-11] —80°C.

In this work, a genetically engineered cutinase (ZZ-
cutinase-wt (W_ild type) and ZZ-cutinase-(WipPwere l_Jsed 2.3. Cell disruption
as model proteins. It was demonstrated that the physical mod-
ification of the target protein could be utilised in the design
of a recovery process based on interfacing of aqueous two-
phase extraction with HIC. The Z domain is derived from
the B domain of staphylococcal protein[B]. The purifica-
tion tag (WP) consists of four prolines and four tryptophans.
In the ATPS part of the studlg. coli cell homogenate (259
dry weight/l) was partitioned and the top phase yield, con-
centration and purity of the tagged ZZ-cutinase-(\\WWRas o
evaluated as a function of PEG polymer sizes, system pH and?-4- Aqueous two-phase partitioning
phase volume ratio. The partition behaviour of cell debris and . )
endotoxin was also monitored. In the HIC part, PEG-rich _Ihe phase-forming chemicals PEG 1500 (Mr=1400—-
top phases from the ATPS were loaded and the chromato-1600 g/mol), PEG 4000 (Mr=3500-4000 g/mol);HP Oy
graphic yield and purity were investigated with respect to lig- @nd NakPOy were purchased from Merck (Darmstadt, Ger-
and hydrophobicity, dilution of loaded top phase and elution Many). Both PEG and the kIPOy/NaHPO, salt (fur-
conditions. Based on the results, a primary recovery processther denoted in the text as K-Na phosphate salt) were pre-
starting withE. coli cell homogenate was demonstrated on Pared as 40% weight/weight (w/w) stock solutions. Different
laboratory scale where a PEG 1500-K—Na phosphate ATpsbase/acid molar ratios of #iPQy/NaH,PQy, i.e. 15, 20, 40

was interfaced with a Phenyl Sepharose HP HIC column (GE @ndoo were prepared and tested in the systems. Two-phase
Healthcare). systems with a final weight of 10 g were made up from PEG,

K—Na phosphate salt, and homogenate in 15 ml graduated
tubes. The cell homogenate was added to the system to a

The harvested cells containing ZZ-cutinase-(\vBihd
ZZ-cutinase-wt were diluted to 1004 dry weight (DW)
and disintegrated in a French Pressure Cell Press from SLM
Instruments Inc. (Rochester, USA) at k1.0° kPa for two
rounds. The cells were then used for extraction in the two-
phase system without further treatment.

2 Materials and methods final weight of 25g1* dw. All systems were made in du-
plicate and blank systems devoid of homogenate were also
2.1. Model protein prepared. The systems were then mixed carefully and placed

in a water bath at 25C for 20 min followed by centrifugation

The lipolytic enzyme cutinase frofusarium solani pisi ~ at 1500 rpm (706 g) for 5min in a Wifug laboratory cen-
that hydrolyses soluble esters and triacylglycefd® was trifuge (Great Norton Bradford, UK). The volume of the top
used as a model protein in this study. Two Z domains derived @nd bottom phases was estimated and separated for further
from the B domain of staphylococcal proteinf£3,14]were analysis and processing.
previously fused to the N terminal of cutinase in order to
facilitate the purification of the fusion protein by IgG affinity 2.5. Analytical methods
chromatography5]. A hydrophobic tag consisting of four
prolines and four tryptophans, (WR)was fused to the C The cutinase activity was determined by using a standard
terminal of cutinase. The hydrophobically modified protein activity assay composed of mixed micelles, detergent and
is further denoted as ZZ-cutinase-(VWWM)hereas the protein  substrate as described earlier. The enzymatic activ@igtd
with no fused C terminal tag is denoted as ZZ-cutinase-wt (U/ml) was calculated by using an extinction coefficient of

[5]. 15.4 cn? wmol~1 for para-nitrophenol. To minimise the in-
terference of the phase chemicals in the system, each phase
2.2. Protein production sample with enzyme was mixed with an equal volume of the

opposite phase devoid of enzyme. All samples were diluted
The proteins were produced as a periplasmic prod- properly with assay buffer to achieve a homogenous sample.
uct in kanamycin-resistariischerichia coli(E. coli) strain The total protein concentration in the samples was de-
MC 4100 containing the plasmid pK4ZZ-cutinase-(\WB) termined with the BCA protein assay method according to
pK4ZzZ-cutinase-wt coding for ZZ-cutinase-(WPnd ZZ- the manufacturer's manual Pierce (Rockford, USA). Each
cutinase-wt, respectivel{p]. The ZZ-cutinase-(WR)and sample was compensated for disturbing substances by us-
ZZ-cutinase-wt was grown in minimal salt medium con- ing samples from blank systems devoid of proteins. The
taining (per litre): 1.6 g KHPOy, 5.0g9 (NH;)2SOy, 6.6 g protein samples were also analysed by sodium dodecyl
NapHPO4-2H,0, 0.5 g di-ammonium hydrogen citrate. Af-  sulfate—polyacrylamide gel electrophoresis, SDS—PAGE, on
ter medium sterilisation (autoclaving at 12%), 1 M MgSQ, homogenous 12% NuPage Bis—Tris pre-cast gels (Invitro-
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gen, Carlsbad, Germany) under reducing conditions with Table 1
50 mM 3-(N-morpho|ino)propanesulphonic acid (I\/IOPS) Chromatographic parameters for screening of the different HIC columns for
Merck (Stockholm, Sweden). Electrophoresis conditions Puification of ZZ-cutinase-(Wi)from a PEG top-phase

were set to 200V, 125 mA for 60 min. The gels were stained Column Buffer Step Flow rate
in either Coomassie Brilliant Blue R 250 GE Healthcare (Up- Y2U™es (M) (mi/miry)
psala, Sweden) and destained in water or silver stained ac- ° Running buffer O'ffggliﬂk;:?‘ion 1
cording to[15,16} . . . 5 Running buffer Sample load R))

The concentration of PEG in the samples was determined Running buffer Wash 1
by using the method described earlier by Sk¢bg]. The 20 100% Elution buffer Elution 1
endotoxin was analysed usingLanulus amebocyte lysate 10 Running buffer Wash 1
test kit, Associates of Cape Cod (Falmouth, MA, USA). As running buffer a 347 mM KHPOy/NaH,PQy, mole ratio 15, pH 8.3 was

used. The sample was eluted in 50 mM sodium phosphate buffer (pH 7), if

. not otherwise stated.
2.6. Calculations

) o HIC step and the overall yield were calculated as:
The target protein partitioning in an aqueous two-phase

system is described by the partition coefficignand defined Yoree — Cﬁl% peak X VHIC Peak 100 3
asK = C1/Cg whereCt andCg correspond to the concentra-  *HIC = Cgut % VT add X ®)
tions in the top and bottom phases, respectively. The yield
%) of the target protein in the top phase is calculated as: cout x W
(%) getp pp Yror — CHIC Peglljt HICPeak 140 )
CCUt x V- CO x Vo
S x Vo whereCSH# o is the concentration of ZZ-cutinase-(WiP)

in the HIC peakVT agqgandVyc peakare the volumes of top

whereCt"andCG""are the concentrations of cutinase (U/ml)  phase added to the column and of the eluted HIC peak from
in the top phase and in the homogenate, respectively, andne column respectively.

VT andVp are the volumes of the top phase and of the ho-  The pyrification step of cutinase in the HIC step and the

mogenate,.r.e sp_ectively. . . overall two-step purification process is calculated as:

The purification factor of cutinase in the aqueous two-

phase system is defined as: b CGH i CFOTPROT i

Fric = CTOTPROT .~ ~Cut (5)
HIC Peak T

Cut TOT PROT
PE— C7" x Cy

(2)
CTOTPROT, " Cut cgut TOT PROT

ic peak X Co
PFror = Cg:ut % CTOTPROT (6)

whereCTOTPROTandcJOTPROTare the total protein concen- HIC Peak

trations in the top phase and in the homogenate, respectively,ynere theCTQTPROT are the total protein concentrations of

the ZZ-cutinase-(WR)in the top phase and the peak eluted
2.7. Hydrophobic interaction chromatography (HIC) from the HIC column, respectively.

The top phase was further purified at room temperature on
a FPLC system GE Healthcare (Uppsala, Sweden). AHiTrap 3. Results and discussion
HIC selection kit (GE Healthcare) was used for screening
tests containing five 1 ml columns, Phenyl FF (high substi-  The hydrophilic salt forming the bottom phase have ear-
tute (sub)), Phenyl FF (low sub), Phenyl HP, Butyl FF and lier in PEG/salt systems mainly been composed of potassium
Octyl FF. For the screening tests the protocol described in phosphatd3,18]. In this work, we have used a base/acid
Table 1was used. The absorbance of the proteins was moni-salt pair composed of #1POs/NaH,PO; (K-Na phosphate
tored with an UV detector, UV-MII. One-millilitre fractions salt) due to the higher solubility of this pair compared to
were collected with a Fraction collector 100 (GE Healthcare) Na,HPOy/KH,PQy or to a pair with the same cation. The
and the enzyme activity was measured over the entire chro-higher solubility can be useful in industrial applications since

matogram. higher concentrations of stock solutions can be used. Further-
more, earlier results have shown that different mole ratios of

2.8. Calculations for hydrophobic interaction the K—Na phosphate salt did not affect the position of the

chromatography binodial curve compared to when a base/acid salt pair with

the same counter ion is usétb]. In order to design a pri-
The yield and the purification factor for the hydrophobic mary recovery step for purification of recombinant protein
interaction chromatography and the overall yield in the two- different parameters such as polymer concentration, molec-
step purification process were calculated. The yield in the ular weight of the polymers and pH can be varied to influ-
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ence the target proteins partitioning in the two-phase systemzZZ-cutinase-(WP) increased when a mole ratio above 10
[1,20,21] was used in systems composed of both PEG 1500 and PEG
4000. The yield has an optimum for mole ratios between
15 and 40 in systems composed of the PEG 1500 polymer,
and above a mole ratio of 40 the yield starts to decrease.
The yield in systems composed of PEG 4000 varies more
In a primary recovery step when a homogenised sample With the mole ratio compared to the PEG 1500 systems. The
containing cellular components is added to the ATPS, it is highest yield is obtained when a mole ratio of 15 or 40 is
desirable to recover the target protein in the top phase andused. A decrease in yield is observed at a mole ratio of 20
simultaneously remove cells and cell debris to the bottom Whereas this is not observed in systems composed of PEG
phase. However, the cells and cell debris partitioned mainly 1500. The resultsHig. 1) also show that the yield of the
to the interface in our systems. In technical applications when target protein was higher in a system containing the PEG
continuous centrifugal separators are used this might not be1500 polymer compared to systems containing the PEG 4000
the most optimal situation affecting the efficiency of the oper- polymer. Based on the above results, it was decided to further
ation negatively. Thus, there could be need for improvement study systems composed of PEG (Mw 1500 and 4000) and
with respect to the partition behaviour of particulate matterin K—Na phosphate salt with a mole ratio of 15.
the cutinase extraction. One approach could be to change the
E. colihost cell/strain used for cutinase expression. Thus, in 3.2.2. Influence of tie-line length
the case where a different strain was udeghlactosidase was Another parameter to vary in order to increase the recov-
extracted to the top PEG phase in a PEG/salt system whileery in the two-phase system is the polymer and salt con-
the cells and cell debris could be recovered in the bottom saltcentration. It has earlier been shown that by increasing or
phasg22]. decreasing the tie-line length a more extreme partitioning of
the target protein could be observed to either the top or bottom
phasdl,21,23] Thus, differenttie-line lengths were tested by
keeping the PEG 4000 and PEG 1500 polymer concentration
constant (10% and 14.8%) and decreasing and increasing the
3.2.1. Influence of PEG molecular weight and pH of the K—Na phosphate salt concentrations. From the experiments
systems (Table 2, it can be concluded that in PEG 4000 systems,
Totestif the molecular weight of the PEG polymer and pH theK-value of ZZ-cutinase-(WR)increased with increasing
of the system had any influence on th@alue andyield ofthe  tie-line length. The system composed of 10% PEG 4000 and
target protein different base to acid mole ratios (K/Na), 10, 15, 12% K—Na phosphate salt seems to be the best operating point
20, 40 andbo were tested in two different systems composed with respect t&-value for the systems composed of the PEG
of 10% PEG 4000/9.4% K—Na phosphate salt and 14.8% PEG4000 polymer {able 2. Between the two systems with high-
1500/12.3% K-Na phosphate salt. It was obsenfed. (1) estK-value (4.9 and 6.2), the system with the shorter tie-line
that the different mole ratios of the salt did not have any large length (lower concentration of phase-forming chemicals) is
influence onK in either system. However, the yield of the more desirable for economical reasons from a scale up point
of view. Thus, the system composed of 10% PEG 4000 and

3.1. Impact of cells and cell debris on the two-phase
system

3.2. Partitioning of ZZ-cutinase-(WP)n PEG/K-Na
systems

90T m 90 9.4% K—Na phosphate salt was selected for further studies.
80T -80 The results for PEG 1500 systems composed of differ-
70+ L 20 § & ent concentrations of K-Na phosphate s@éte 3 showed
@ 60+ o0 = & that an increased tie-line length lowered twealue of ZZ-
= 3 £ . . . . .
T 5ot o Nt,: & cutinase-(WP), whereas a decre_ase in t|e-I|_ne Iength_ln-
8 gt Lo N 8 creased the&-value compared with the starting operating
3o+ o % E, composition (14.8% PEG 1500 and 12.3% K—Na phosphate
20T F20 © %,
10T =10 'E Table 2
F!_%"!_—T_BZJQ Partitioning K), yield (Y) and volume ratio\(t/Vg) of ZZ-cutinase-(WR)

1 1 1 T
10 15 20 40 e

from E. coli homogenate (25 g/l DW) in agueous two-phase systems with

Molar ratio K, HPO /NaH,PO, different tie-line lengths

) ) ) o Salt concentration (w/w) (%) V1/Vg K Yield (%) in TP
Fig. 1. TheK and yield of ZZ-cutinase-(WR)after extraction in aqueous
two-phase systems composed of either PEG 1500 or PEG 4000 and different 2(5) é% ég ?S

mole ratios of kHPO4/NaH,POy. The systems were composed of 10%
(w/w) PEG 4000 and 9.4% (w/w) K—Na phosphate salt and 14.8% (w/w) 9.4 0.6 4.9 78

PEG 1500 and 12.3% (w/w) K—Na phosphate s#&) K-value for PEG 0 0.5 6.2 78

1500; (a) yield (%) for PEG 1500;() K-value for PEG 4000 and) yield The PEG 4000 concentration is 10% (w/w) in all systems and the mole ratio
(%) for PEG 4000. of the KobHPO4/NapHP Oy is 15.
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Table 3 Table 5
Partitioning K), yield (Y) in top phase and volume rati®&/£/Vg) of ZZ- Partitioning K), yield (Y) and volume ratio\7/Vg) of ZZ-cutinase-(WPR)
cutinase-(WPR) from E. colihomogenate (25 g/l DW) in aqueous two-phase from E. coli homogenate (25 g/l DW) in agueous two-phase systems with
systems with different tie-line lengths different volume ratios and constant tie-line length
Salt concentration (w/w) (%) V1/Ve K Yield (%) System composition (w/w) (%) V1/Ve K Yield (%) in TP
9 0.6 5.2 90 PEG 1500  KHPOy/NapHPO,
9.5 1.6 7.2 98
100 1.2 8.4 89 12.0 115 8-3 2-2 Sg
105 1.1 76 90 12-5 ﬂ-g o o oo
110 0.9 7.1 85 3.0 Py o >3
123 0.7 6.5 83 14.0 : : :
15.0 0.2 3.3 33
The PEG 1500 concentration is 14.8% (w/w) in all systems and the mole . .
ratio of the K. HPOy/NayHP Oy is 15. i.e. larger volume of the top phase should in theory result in

a higher yield but this was not the case for the system com-
posed of 12% PEG 4000 and 9% K—Na phosphate. Partly

salt). However, th&-value is not significantly different for ~ & reason for this was that thevalue of the target protein

the systems with K—Na phosphate salt concentrations in theWas not constant when operating along a tie-line, as stated

range 9.5-12.3%T@ble 3. The system composed of 14.8% Dy the theory{21]. Although a slight variation oK-values

PEG 1500 and 10.5% K-Na phosphate salt was chosen forfor differentVr/Vg was seen, it should be kept in mind that

further studies based on the highvalue but also since it ~ iN @ homogenate many substances, e.g. cells, cell debris and

is not positioned on a tie-line too close to the critical point the rest of the broth medium components are present and can
where systems can be less robust causing large differences ifféct both the phase system and the partitioning.

K-value and yield. Different phase volume ratios along the same tie-line as
where the 14.8% PEG and 10.5% K—Na phosphate salt sys-
tem was positioned were also tested. It can be concluded

h (Table § that the system composed of 14% PEG 1500 and

10.5% K—Na phosphate resulted in high yield (95%), a high

K (8.3) at av1/Vp of 0.9.

3.2.3. Improvement of yield

In a primary recovery step, it is desirable to achieve bot
a high yield and a concentration of the target protein. In an
ATPS, the yield and concentration of a target protein can be
varied by moving along a tie-line changing the phase volume
ratio (V1/Vg). The phase compositions of the top and bottom 3.2.4. Conclusions for aqueous two-phase patrtitioning
phases are not changed during this procedure. Furthermoreof ZZ-cutinase-(WR)
in theory also, theK-value of, e.g. a target protein should Based on the studies above it can be concluded that the
remain unchangef®1]. If the top phase is the target phase, partitioning of ZZ-cutinase-(WR)was found to be best in a
an increased phase volume ratio should theoretically increasesystem composed of 14% PEG 1500 and 10.5% K—Na phos-
the target protein yield, while the concentration of it should phate salt with a mole ratio of 15. The ZZ-cutinase-(\WP)
decrease. For thé-values obtained in our systems thereisnot could be recovered to 96% in the top phase with most of the
room for concentration since phase volume ratios around 1 orparticulate matter removed, which is desirable if packed bed
larger seem to be needed in order to obtain yields around andchromatography is to be used for further purification down-
above 90%Tables 4 and 6 When phase volume ratios were  stream. The purification factor based on protein concentra-
altered along the tie-line including the system 10% PEG 4000 tion meauserments in this system (14% PEG 1500 and 10.5%
and 9.4% K—Na phosphat&gble 4 the results indicated that  K—Na phosphate salt) is 2.5 compared to 6.4 as in the case
a smaller top phase resulted in a lower yield than for the start- for the system composed of 10% PEG 4000 and 9.4% K—Na
ing composition (10% PEG 4000 and 9.4% K—Na phosphate) phosphate salt. This can be explained by the lowering of the
for systems composed of PEG 4000. A higher volume ratio, molecular weight of PEG polymer from 4000 to 1500. The

lowering of the molecular weight increases the yield of the
target protein in the top phase due to a higher mixing en-

Table 4 tropy. This higher mixing entropy leads to more favorable
Partitioning K), yield (Y) and volume ratio\(r/Vg) of ZZ-cutinase-(WP) partitioning of the proteins to the top phdgd]. This effect
from E. coli homogenate (25 g/l DW) in aqueous two-phase systems with wag higher for the total proteins than for the ZZ-cutinase-
different volume ratios and constant tie-lin length (WP), and therefore, the purification factor was decreased.

System composition (wiw) (%) VriVe K Yield(%)in TP The decrease in purification factor when decreasing the poly-
PEG 4000 KHPOW/NapyHPO, mer molecular weight from 4000 to 1500 is in this case not

8 10 Q4 52 73 a major issue since the top phase is being further purified
10 a4 0.6 49 78 by packed bed chromatography and is compensated by the
12 9 12 41 72 high recovery of ZZ-cutinase-(WP}96%) in the top phase

The system is composed of PEG 4000/K—Na phosphate. of PEG 1500.
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3.3. Packed bed chromatography 250 Phenyl HP
There are a number of different ways of interfacing the top
phase from the two-phase system with other techniques. If a
protein is extracted in a thermoseparating polymer/polymer
system, the protein will, after thermoseparation, be recov- 200
ered in an almost polymer-free water ph28,26] and is Phenyl (high sub)
thus well suited for further downstream steps. In PEG/salt
systems, a target protein that is recovered in the PEG phase
can be back-extracted to a fresh salt phase in a subsequent
extraction step and then interfaced with, e.g. membrane fil-
tration or packed bed column chromatografBly However,
membrane filtration is only suitable for rather large proteins
(>100 kDa)[27]. If the target protein is recovered in the PEG
phase in a-PEG/salt system, as in this work, the target pro-
tein will experience an environment with a PEG concentra-
tion of about 30%. The viscosity of such a phase has been
reported to be inthe range 9-16 mPa s, depending on the PEG

[ L

Phenyl (low sub)

150

100

Amount of added activity (%)

molecular weigh{22,28], which could cause problems with o

high pressure drops in packed bed chromatography. How-

ever, successful integration of two-phase systems with packed

bed chromatography have been reported in earlier {9k I e
Chymotrypsinogen B produced extracellular wilchia pas- 50

toris was extracted in a PEG/salt system and then further pu- Buty!

rified on an ion exchange packed bed column (Sepharose Big
Beads) with an overall recovery of 69%.

The use of hydrophobic interaction chromatography has
been provento be a suitable technique for purification of tryp- 0
tophan and tyrosine tagged protejis3]. Thus, the addition
oftryptophan or tyrosin tags to a target protein might facilitate
the |r_1terfacmg of two separation st_eps that utilise the SameFig. 2. Chromatogram for purification of ZZ-cutinase-(W®@h Butyl FF,
physical property of the target protein. Furthermore, scale up octyl Fr, Phenyl FF (low sub), Phenyl FF (high sub) and Phenyl HP. The
of PEG/salt systemgl,22] and HIC[30] have proven to be  scale on they-axis is divided between 0 and 50% indicating that every

successful and makes it attractive for industrial use. column after Butyl FF has its zero point at 50% of the added activity of the
column before.

10 20 30 40 50 60
Column volumes (CV)

3.3.1. Selection of proper running buffer

To select a proper running buffer for the chromatography, substituted), Phenyl FF (high substituted) and Phenyl High
the buffer was set to resemble the conditions in the top phase Performance (HP) was used. To overcome the fact that the
Thus, the salt concentration in the top phase was determinedop phase contained both PEG and salt, which would cre-
by measuring the conductivity in the PEG phase. A standard ate a two-phase system during purification on the column,
curve was conducted with conductivity for different concen- the sample was diluted twice with running buffer during the
trations of K-Na phosphate salt from a 40% stock solution. screening tests. During the screening for the proper HIC col-
A top phase from a system composed of 14% PEG 1500 andumn a similar chromatography protocol was used for all the
10.5% K—Na phosphate salt devoid of proteins was then di- runs (Table J. It can be observed-(g. 2) that ZZ-cutinase-
luted properly to determine the concentration of the salt in (WP)4 purified on a Butyl FF, Octyl FF and Phenyl FF (low
the PEG phase. The salt concentration in the top phase wasub) was eluted within the time of the protocol when eluted
determined to be 347 mM and the pH was 8.3. During the with 50 mM phosphate buffer. The Phenyl (high sub) had the
screening tests a running buffer with the above concentrationlongest retention time and was not eluted within the time of
and pH was used and the elution buffer was composed ofthe protocol, indicating that this is the most hydrophobic col-

50 mM sodium phosphate, pH 7. umn compared to Butyl FF, Octyl FF and Phenyl FF (low
sub). The Phenyl HP was tested after the previously tested
3.3.2. Screening of different HIC columns columns and eluted with 10 mM of phosphate buffer instead
To find a suitable HIC column for further purification of of 50 mM. The elution conditions were altered since it was
the top phase containing ZZ-cutinase-(\W&nhumber of dif- suspected that the Phenyl HP column would give rise to a

ferent columns were tested. A HIC selection kit containing strong hydrophobic interaction with the ZZ-cutinase-(\WP)
five different columns, Butyl FF, Octyl FF, Phenyl FF (low asin the case for Phenyl FF (high suBig. 2), and hence the
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Table 6
The yield (%) of ZZ-cutinase-(WR)purified from a top phase and mass balances for the different HIC columns used during the screening tests
Butyl FF Octyl FF Phenyl FF (low sub) Phenyl FF (high sub) Phenyl HP
Yield (%) 100 69 91 77 78
Mass balance 100 74 100 78 85

protein would not elute within the protocol. The yield of the did not bind to the column and eluted in the flow-through
eluted peak and mass balance was calculated for the differentvhen an undiluted sample was applied on to the column.
HIC columns Table §. The columns with the highest eluted An explanation for this could be that demixing of the phases
peak yields were Butyl FF and Phenyl FF (low sub). Both occurs uponloading an undiluted sample. Inthe following ex-
of these columns resulted in a mass balance close to 100%periments 1 ml top phase was diluted with 2B®f MilliQ

The other columns, Octyl, Phenyl HP and Phenyl FF (high water in order to avoid demixing. Consequently, the running
sub) had lower eluted peak yields and their mass balances dicdbuffer was also diluted to attain the same conductivity as the
not close. However, the Phenyl HP and Phenyl FF (high sub) sample that in turn reduced the hydrophobic interaction be-
all eluted in a peak with a lower amount of contaminating tween the matrix and the protein. Furthermore, the elution
proteins according to SDS—PAGE (results not shown). Fur- buffer was lowered to 5mM sodium phosphate buffer (pH
thermore, the Octyl FF and Butyl FF columns were eluted 7.2).

in relatively large volumes (32ml and 18 ml) compared to

the starting volume (1 mI)Hig. 2). The selection criteria for

further purification development were based on purity shown 3-3-4. Phenyl HP S

by SDS—PAGE (results not shown) and the dilution factors of ~ Phenyl HP differs from the Phenyl FF matrices in lig-
the eluted peaks containing the target proteins. Hence, it was2nd density and bead sig#l]. The resultsTable § showed

decided that Phenyl HP, Phenyl (low sub) and Pheny! (high that the mass balance (85%) for the Phenyl HP column did
sub) should be further evaluated. not close during the screening tests, which means that some

activity of the ZZ-cutinase-(WRYemained bound to the col-

. umn. The lowering of the concentration of flow buffer and

gu:i:))saanulr;P\gLSIeI\:/g?rﬁgfghg HIC with Phenyl FF (low elution buffer (as discussed above in 3.3.3) resulted in an
The Phenyl FF (low sub) and Phenyl FF (high sub) were increased yield (87%) of ZZ-cutinase-(WHh the eluted
o ) .

further tested for purification of the ZZ-cutinase-(\Vypyo- _ﬁ’_ﬁak comps r?d 0 7fS A;hdurlrr: 9 thetscreeﬂlng tekable al .
tein. An undiluted sample was injected onto the column toin- ' 1< m%sfs agg;et Oglo/e CI; r(t)k:na ngapthy rulntWoTS a T(O in-
vestigate if the dilution of the sample containing ZZ-cutinase- creased from 0to 0. FuUrthermore, In€ eluted peak was

(WP)s had any impact on the interaction with the Phenyl ![ﬁses.n(i':gfde;haglén I:)he dplret\_/é%ufsa;zrreae:éng :.l:nsé(iisrs.(:] on
FF (low sub) and Phenyl FF (high sub). Furthermore, the ! sedyleld, low diiuti purity ( ng

concentration of the elution buffer was decreased to 10 mM to SDS-PAGE, results not shown) of the eluted peak from
(Phenyl (low sub)) and 5mM (Phenyl (high sub)) sodium the Phenyl H.P colump compared to Phenyl FF (low sub) and
phosphate buffer. The lowering of elution buffer concentra- Phenyl FF (high sub) itwas concluded that Phenyl HP should

tion decreases the hydrophobic interactions and the proteinbe_]lc_urthei]r optlmlsgd. dvield of the eluted fraction f th
was eluted within the protocoF{g. 3. It can be observed 0 enhance purity and yield of the eluted fraction from the

. : ; Phenyl HP column it was decided to lower the flow rate dur-
Fig. 3 th I % of the ZZ- -(WP) . -
(Fig. 3 that approximately 50% of the cutinase-(WP) ing the sample load to the column from 0.5 to 0.25 ml/min in

%) order to have a longer time for interaction of the proteins on
(48 Phenyl FF (high sub) the column. The flow rate during elution was also decreased

from 1 ml/min to 0.5 ml/min. Furthermore, a linear gradient
(20 CV) from 277.8 mM down to 50 mM running buffer was
applied to the column during elution in order to achieve a
Phenyl FF (ow sub) higher purity of the sample. The ZZ-cutinase-(\WWRas,
after the gradient, eluted in 5 mM phosphate buffer. This re-
sulted in a fairly pure peak of the target protein with 83%
yield. The goal was now to further increase the yield of the
ﬂ target protein in the eluted peak and to reduce the number of
contaminants. A shallower gradient from 277.8 mM down
to 20mM running buffer was tested before 100% elution
buffer (56 mM phophate buffer) was applied to the column.
Fig. 3. Chromatogram showing the comparison of purified ZZ-cutinase- The flow rate durlng the gradient and el_Utlon V_Vas also_ low-
(WP), on Phenyl FF (low sub) and Phenyl FF (high sub). Phenyl FF (high ered from 0.5 ml/min down to 0.25 ml/min. A silver stained
sub) has its zero value at 25% amount added activity of Phenyl (low sub). SDS—PAGE Fig. 4) gel showed that a very pure fraction

N W w
o o wu

-
(&)

Amount of added cutinase
activity per fraction (%)
o o 3

0 10 20 30 40 50 60
Column volumes (CV)
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Table 7

Overall purification results for ZZ-cutinase-(Wf the two-step purification process where a top phase from an aqueous two-phase system is direct interfaced
with hydrophobic interaction chromatography

Sample Total activity U Protein concentration (mg/ml) Yield (%) Purification factor
Homogenate 4522 45

Top phase 4350 10 96 25

Start top phase HIC 824 B

HIC 710 1649 86 434

Overall purification 83 107

could be obtained with 87% yield of the target protein, ZZ- 40% for the untagged protein and with a purification factor of

cutinase-(WP). However, in a process scale application the 60. It can thus be concluded that the hydrophobic tag QVP)

continuous gradient should most likely be replaced by a stepincreased the yield in the two-phase system as well as in the

gradient procedure. hydrophobic interaction chromatography compared with the
untagged ZZ-cutinase-wt.

3.3.5. Effect of tag on the target protein

To evaluate the effect of the added hydrophobic (WP) 3.4. Evaluation of purity
tag in both the aqueous two-phase extraction and HIC pro-
cess steps, untagged ZZ-cutinase-wt was extracted inthe op- As can be visualized on the silver stained SDS-PAGE
timised two-phase system (14% PEG 1500 and 10.5% K—Nagel (Fig. 4), a 95% pure sample was achieved after the two
phosphate salt). The top phase was then interfaced with thecombined methods. However, it was also interesting to mon-
Phenyl HP column. The yield of ZZ-cutinase-wt in the two- itor other contaminants than proteins. Thus, a reduction of
phase extraction step was 56% compared to 96% yield for 1000 EU of endotoxin in the final target protein sample was
the ZZ-cutinase-(WR) The lower yield in the aqueous two-  obtained compared to the starting sample. In addition, it was
phase system for ZZ-cutinase-wt step is in accordance with shown that most of the PEG was collected in the flow-through
earlier published resul{&]. One millilitre of top phase was  during the HIC run. No PEG (detection limit, 0.001d)
then loaded on the Phenyl HP column, where the same op-could be detected in the purified target protein sample.
timised chromatography protocol as for the purification of
ZZ-cutinase-(WPR) was used. The yield of ZZ-cutinase-wt
was 71% compared to 87% for the tagged variant in the col-
umn step. The activity for ZZ-cutinase-wt could be detected  This paper illustrates that the introduction of the tryp-
in both the flow-through, during the gradient and in the eluted tophan tag to the ZZ-cutinase protein can be used to fa-
fractions. The overall yield in the two purification steps was cilitate the interfacing of aqueous two-phase extraction and
hydrophobic interaction chromatography. A highly purified
protein at high yield from ark. coli cell homogenate was
achieved in the operatioffigble 7). The ZZ-cutinase-(WR)
protein was purified to >95% purity according to silver
-— stained SDS—PAGE gels with an overall yield of 83% dur-
- e 66 ing the two-step recovery process. Moreover, the final ZZ-
—

3.5. Conclusions

2 3 4 5 6 7 8 9 10 11 12

. 116
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-
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j o _ 35 cutinase-(WR) sample contained no detectable PEG and the
. e - A level of endotoxin was significantly reduced.
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